Background Over 90 % of injury deaths occur in low-income countries. Evaluating the impact of focused trauma courses in these settings is challenging. We hypothesized that implementation of a focused trauma education initiative in a low-income country would result in measurable differences in injury-related outcomes and resource utilization. Methods Two 3-day trauma education courses were conducted in the Rwandan capital over a one-month period (October-November, 2011). An ATLS provider demonstration course was delivered to 24 faculty surgeons and 15 Rwandan trauma nurse auditors, and a Canadian Network for International Surgery Trauma Team Training (TTT) course was delivered to 25 faculty, residents, and nurses. Trauma registry data over the 6 months prior to the courses were compared to the 6 months afterward with emergency department (ED) mortality as the primary endpoint. Secondary endpoints included radiology utilization and early procedural interventions. Univariate analyses were conducted using v 2 and Fisher's exact test. Results A total of 798 and 575 patients were prospectively studied during the pre-intervention and post-intervention periods, respectively. Overall mortality of injured patients decreased after education implementation from 8.8 to 6.3 %, but was not statistically significant (p = 0.09). Patients with an initial Glasgow Coma Score (GCS) of 3-8 had the highest injury-related mortality, which significantly decreased from 58.5 % (n = 55) to 37.1 % (n = 23), (p = 0.009, OR 0.42, 95 % CI 0.22-0.81). There was no statistical difference in the rates of early intubation, cervical collar use, imaging studies, or transfusion in the overall cohort or the head injury subset. When further stratified by GCS, patients with an initial GCS of 3-5 in the post-intervention period had higher utilization of head CT scans and chest X-rays. Conclusions The mortality of severely injured patients decreased after initiation of focused trauma education courses, but no significant increase in resource utilization was observed. The explanation may be complex and multifactorial. Long-term multidisciplinary efforts that pair training with changes in resources and mentorship may be needed to produce broad and lasting changes in the overall care system.
Background
While trauma exists within every society and socioeconomic strata, death and significant disability due to injuries disproportionately affect the poorer countries of the world where the availability of prevention programs, emergency services, prompt resuscitation, and surgical management are more limited. Over 90 % of injury deaths occur in lowincome countries, and road traffic crashes are one of the most rapidly rising causes of death and disability in low and middle-income countries (LMIC) [1] [2] [3] [4] .
Addressing early care of the injured patient is fundamental to reducing the global morbidity and mortality due to injuries [5] . In many LMIC, physician shortages as well as material and infrastructure resource limitations challenge the ability to adequately manage trauma in the immediate post-injury period. A variety of educational short-course curricula have been developed to teach a systematic approach to the initial management of injured patients in both the pre-hospital and early hospital-based setting [6] [7] [8] [9] . Developed in the 1970s, the American College of Surgeons Committee on Trauma's (ACSCOT) Advanced Trauma Life Support (ATLS Ò ) course is the most widely recognized and has been formally used in over 60 countries [10] . Other courses such as the Canadian Network for International Surgery's (CNIS) Trauma Team Training (TTT) course focus on a team-based approach [6] . Limited data exist, however, on the impact of these focused trauma education short-courses on patient outcomes [11, 12] .
Few LMIC have sustainable or standardized systems available to track patient outcomes. Hospital-based trauma registries are one source of data. Several resource-limited settings have developed and adapted registries for injury surveillance, basic epidemiology, and mortality assessment [13] [14] [15] [16] [17] . Modeled after regional registries, a collaborative injury registry was established at the two university referral centers in Rwanda through the University of Rwanda (UR) to collect data on the injured patient population. The registry currently houses more than 8,000 records and accumulates more than 150 new entries per week. This study utilizes prospectively collected data from the Rwanda Injury Registry to study the effects of planned trauma and resuscitation education on patient outcomes and resource utilization.
Methods

Setting
Rwanda is a densely populated country in sub-Saharan Africa that has made significant progress in the health and economic sectors since the genocide of 1994. Yet, the population of 11 million is still quite poor with only 5.5 doctors per 100,000 persons [18] . Rwanda is classified by the World Bank as a low-income country; for example, the 2011 gross national income (GNI) per capita was $570 USD in Rwanda compared to $48,450 USD in the United States [19] .
The Centre Hospitalier Universitaire Kigali (CHUK) is a 520-bed hospital in the capital of Kigali. Since few emergency or surgical services are provided at the district hospitals, injured patients are often sent to the university hospitals for evaluation and definitive care. The hospital is public and serves as one of the main training sites for UR health professional students, including a postgraduate training program in Surgery.
Data collection
A 31-item, 2-page registry form was locally adapted from registries in Uganda and Tanzania for use in Rwanda [13, 14] , with data collection beginning in March 2011 at CHUK. Any injured patient who is transferred from a district hospital for evaluation of their injury, any injured patient who dies in emergency from their injury, or any injured patient who is admitted (defined as inpatient hospitalization or emergency stay of [24 h 
Data analysis
Data were exported from the Microsoft Access database and analyzed using SAS 9.3 (SAS Institute, Inc, Cary, NC). As the training sessions took place in Kigali, registry data from CHUK alone was utilized for the analysis. Validated trauma scoring systems such as the Revised Trauma Score and the Kampala Trauma Score [20] were calculated from clinical data collected at admission and used to control for injury severity. Trauma registry data over the 6 months prior to the focused trauma education courses were compared to the 6 months afterward with ED mortality as the primary endpoint. Secondary endpoints included radiology utilization and early procedural interventions. Univariate analyses using v 2 and Fisher's exact test were conducted to discern statistical significance. A subset cohort analysis was conducted in patients with the highest baseline mortality, those with an initial Glasgow Coma Score (GCS) 3-8. We further stratified all of the results by initial GCS in order to potentially identify the patient subset that could derive the most interventional benefit: GCS 3-5 (severe); GCS 6-8 (severe); GCS 9-12 (moderate); and GCS 13-15 (mild). These strata were based upon categories established in other trauma outcome studies in resource-limited settings [21] .
Results
Phase 1 was the pre-intervention phase (April 9, 2011-October 8, 2011) and had 798 patients with 94 patients, approximately 12 % of the total cohort, included in the subset analysis. Phase 2 was the post-intervention phase (November 21, 2011-May 20, 2012) and had 575 patients with 62 patients, approximately 11 % of the total cohort, included in the subset analysis. There were no significant baseline differences in mechanism of injury, patient demographics, physiology, injury type, or injury severity between the pre-and post-intervention groups. Figure 1 details the causes of injury in the two phases. Road traffic crashes caused over 50 % of the injuries in both phases. Falls and blunt force injuries were the next most common, with less than 10 % due to other causes. Table 1 compares patient characteristics, including physiologic parameters, in the two groups. No significant differences were found in mean pulse, blood pressure, respiratory rate, GCS, or Revised Trauma Score (RTS).
Overall ED mortality in trauma patients decreased from 8.77 to 6.26 % in the full cohort (p = 0.09, OR 0.69 (95 % CI 0.46-1.05)). Patients with an initial GCS of 3-8, representing the severe injury subset, had the highest baseline mortality and showed a 60 % reduction in the odds of mortality following the educational intervention. This mortality drop from 58.51 to 37.10 % in the GCS 3-8 subset was statistically significant (p = 0.009, OR 0.42 (95 % CI 0.22-0.81)). To put these results into perspective, these results were compared to available statistics in the hospital statistics department. ED mortality for all presenting patients (medical and surgical) was 1.14 % in Phase 1 and 1.60 % in Phase 2. In-hospital mortality (all medical and surgical patients) was available by the year only; hospital mortality was 7.8 % in 2010, 8.1 % in 2011, 6.7 % in 2012, and 6.6 % in 2013.
Severe head injuries were further stratified into GCS 3-5 and GCS 6-8 based upon strata established in trauma Fig. 1 Cause of injury by phase. Road traffic crashes caused over 50 % of the injuries in both phases. Falls and blunt force injuries were the next most common, with less than 10 % due to other causes outcome studies in resource-limited settings [21] . Moderate head injuries were identified by GCS 9-12 and mild by GCS 13-15. The mortality decrease in the most severe (GCS 3-5) group from 84.09 to 62.96 % was statistically significant p = 0.04, OR 0.32 (95 % CI 0.10-0.99). The GCS 6-8 severe head injury subgroup showed a decrease from 36.00 % before to 17.14 % after, although this failed to show statistical significance (p = 0.06, OR 0.37 (95 % CI 0.13-1.05). Figure 2 shows the decrease in ED mortality seen in the full cohort and in the GCS 3-8 subset as well as stratified into the four GCS categories. Overall 30-day in-hospital mortality (including ED mortality) fell from 12.03 to 10.26 % in the full cohort (p = 0.3) and from 65.96 to 50 % in the GCS 3-8 subset (p = 0.05).
We found no statistically significant differences in the rates of early intubation, cervical collar use, or imaging studies in the overall cohort or in the GCS 3-8 subset, but there were differences when stratified by GCS. Tables 2  and 3 detail procedures performed in the ED and resource utilization in the full cohort (Table 2 ) and stratified by GCS (Table 3 ). In the GCS 3-5 group, the utilization of chest radiographs increased significantly from 11.36 to 33.33 % (p = 0.02), and the utilization of head CT scans increased from 38.64 to 66.67 % (p = 0.02). Interestingly, utilization of head CT scans decreased in the GCS 9-12 strata (67.92 to 51.79 %, p = 0.04), while spine imaging increased (6.60 to 17.86 %, p = 0.03).
Evaluation of the full year following the intervention (November 2011-November 2012, n = 1312) in comparison to the 6 months prior (n = 798) to the training showed a sustainable drop in ED mortality. The drop was not statistically significant in the overall cohort (8.8 % (n = 70) to 6.9 % (n = 90), p = 0.11), whereas it was statistically significant in the GCS 3-8 subset (58.5 % (n = 55) to 37.2 % (n = 48), p = 0.0016). Overall 30-day hospital mortality showed similar drops (full cohort 12 % (n = 96) to 9.6 % (n = 126), p = 0.08, and GCS 3-8 subset 66 % (n = 62) to 49.6 % (n = 64), p = 0.015). Evaluation of resource utilization in the full year following the educational intervention revealed a significant decrease in abdominal ultrasound utilization overall as well as a significant increase in head CT scans in the GCS 3-8 subset, from 58.5 to 73.6 % (p = 0.02).
Discussion
Several authors suggest that training and retaining a healthcare workforce in LMIC is the most critical step toward achieving sustainable changes in socioeconomic development and that health outcomes are positively correlated with healthcare worker density [22, 23] . Trauma educational initiatives in LMIC have been shown to positively impact provider practices and knowledge [12, [17] [18] [19] [20] , but their effect on patient outcomes has yet to described [24, 25] . Using single hospital data from the Rwanda injury registry to evaluate the impact of two trauma education courses, our study found that the mortality of injured patients with an initial GCS 3-8 significantly decreased over the 6 months following initiation of focused trauma education courses in the capital city of a low-income country. We have further demonstrated that the changes in mortality were sustained up to a year following the training initiation. Although a causal association between increased education efforts and decreased mortality makes teleological sense, such a change is likely multi-factorial.
While we hypothesized that any improvements in outcomes would be associated with improved resource utilization, the overall explanation for our observations may be complex as minimal differences in resource utilization were noted during the study period (some changes were noted in abdominal ultrasound and head CT over the oneyear period). The two courses, which at the time were given only once, are ultimately a relatively small intervention in the setting of a huge multi-factorial challenge of injury in LMIC. There are many confounding factors that can explain resource utilization. One consideration may be a patient's ability to pay for treatment or studies. While over 90 % of the Rwandan population has basic health insurance, patients and families are still required to pay a percentage of the cost of CT scan or X-ray prior to the study. Radiology equipment is often out of service for maintenance. Our study cannot specifically evaluate how a patient's ability to pay or equipment maintenance affected the resources utilized during the study period.
The ability to assume causation or even lack of impact in the cohorts examined should not be used as a reflection of course effectiveness within this complex environment. Clearly, such interventions are essential, but significant change will take a long time and will likely also be associated with other system-based changes and culture change in the care environment. The ATLS course and the TTT course in 2011 have been followed by other courses, onthe-ground educational partnerships, and a changing culture for emergency care. The TTT course, for example, has since been adopted by the Faculty of Medicine at the National University of Rwanda and administered over six times by Rwandan faculty since the initial course. Longterm multidisciplinary efforts that pair training with changes in resources and mentorship may be needed to produce broad and lasting changes. These focused education courses are very difficult to evaluate in isolation and should be seen as an important and necessary component of overall health system strengthening. Injuries contribute to more global deaths each year than HIV/AIDS, malaria, and tuberculosis combined, accounting for 16 % of the global burden of disease [12] . Poor access to healthcare services in LMIC means that a significant number of injured patients may never receive formal medical care [24] . Due to economic and resourcing constraints, formal pre-hospital emergency medical services may be limited or non-existent in low-income countries, and so, interventions occur at the hospital level for those patients who do receive any care [25, 26] . Therefore, hospitals and hospital staff are important targets for educational interventions. Expenses associated with implementation of formal courses like ATLS may limit their applicability in many low-resource settings, but the principles should be transferrable. This specific ATLS course was a demonstration course, and so was provided by volunteers at minimal cost to the Rwandan surgeons and nurses. At full cost, formal ATLS programs may be costprohibitive in resource-limited settings. Teaching hospitals in Nigeria and Ghana have developed their own trauma education courses derived from ATLS principles and adapted to local availability of materials and infrastructure as well as local injury epidemiology [27, 28] . Given that care is often provided by non-physicians, the Canadian Network for International Surgery's (CNIS) Trauma Team Training (TTT) course exemplifies the move to develop a team-based approach rather than focusing solely on physicians [6] . Our study has many challenges such as data limitations within the registry itself, staff turnover, and resource limitations for healthcare providers. Reproducibility or sustained change is difficult to determine without further analysis and support of the registry. Furthermore, while all of the faculty surgeons trained have a role in resident and medical student education, they are not the primary caregivers when a patient first arrives in emergency. Any attributable effect from their training on ED outcomes is likely due to the fact that these providers are responsible for training and oversight of medical students, residents, and nurses who are the first medical providers in the ED. Therefore, integration of sustainable education into the healthcare system through team-based approaches and utilizing a train the trainer model, as has been done with the subsequent trauma courses in Rwanda, could be next steps. Education is seen by Ministries of Health, educators, and development organizations as the key component to sustainable change, but these interventions are VERY difficult to evaluate, particularly in low-resource settings with limited resources. Prior reports have focused on knowledge retention and subjective impact of these courses on the participants, but this evaluation specifically examined patient outcomes. Each course did collect participant feedback, but 6-month knowledge and retention scores are not available. While it is important that we evaluate programs systematically in order to ensure responsible stewardship of resources and time, these should be seen as an integral part of health system strengthening with a focus on long-term sustainability.
Conclusions
The mortality of severely injured patients decreased after initiation of focused trauma education courses in the capital of Rwanda. The explanation for this observation may be complex and multi-factorial as no significant increase in resource utilization was noted during the study period, nor was any decrease in overall mortality noted for the population as a whole. Long-term multidisciplinary efforts that pair training with changes in resources and mentorship may be needed to produce broad and lasting changes in the overall care system.
